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Research in non-human animals has established a link between maternal touch 
and offspring social development. We asked whether such a link exists in 
humans. To address this question, we recorded tactile interactions between 
mothers and their 4-6 year old children (N=37) in a structured 10 minute play 
session. Following this session, the child completed a behavioural task 
assessing their sensitivity to faces - a component of social processing. During 
this task the child categorized geometrical objects overlaid on distractor 
images of faces or houses. Face sensitivity was quantified as increased 
distraction by faces relative to houses. The frequency of maternal touch, 
specifically stroking, holding, resting, and tapping, positively correlated with 
child face sensitivity. In an effort to dissociate long-term developmental 
effects from short-term behavioural effects, maternal touch was categorized as 
intentional and incidental. We suggest that intentional, more so than incidental 
touch, would likely reflect the long-term tactile strategies between the mother 
and child. As such, intentional touch should reflect genuine contributions of 
long-term maternal touch to child development. Despite being less frequent, 
intentional touch significantly correlated with child face sensitivity, whereas a 
similar effect for incidental touch was marginally or non-significant. Together, 
these results support the possibility that, as with non-human animals, maternal 
touch in humans may affect children's early social development via its effect 
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Many mammals including humans show a keen interest in touching their 
young and the young of con-specifics. For example, rats spend significant time 
licking and grooming their pups and will extend a similar level of care to 
unrelated pups placed near them (Liu et al., 1997). Chimpanzees hold and 
carry their infants almost continuously while other group members are eager 
to share in these activities (Goodall, 2000). Similarly, everyday experience 
indicates adult humans have an urge to touch. In many cultures, a mother's 
relatives, acquaintances, but also strangers are keen to touch and hold her 
child. Here we sought to explore this phenomenon by studying potential 
consequences of touch for child development. More specifically, we were 
interested in whether early touch experiences were related to child sensitivity 
for faces – a primary stimulus in the child's social environment. 
 The ubiquity of touch in the care for offspring has raised important 
questions as to its effects or consequences. That one of these long-term effects 
concerns the offspring's physical and mental development is suggested by 
research with non-human animals (for reviews see Champagne & Meaney, 
2001; Champagne, 2008; Hertenstein, Verkamp, Kerestes, & Holmes, 2006). 
For example, work in rats revealed that stroking with a damp brush reverses 
many of the health consequences associated with separating a pup from its 
mother. It corrects stress responses and growth retardation that otherwise 
ensue despite the fact that the pup is given adequate nutrition and warmth 
(Gonzalez, Lovic, Ward, Wainwright, & Fleming, 2001). Work examining 
inter-individual variation in tactile care extends this evidence. It shows that 
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some rat mothers lick and groom their pups more frequently than others and 
that this variation in care positively predicts brain development. Brain 
development is accelerated in pups who receive much, as compared to little, 
licking and grooming (Guzzetta et al., 2009). 
 Of particular interest for the present study are findings that link early 
tactile experiences to social functioning in the offspring. Rodent studies imply 
that the frequency with which mothers lick and groom their pups affects the 
number of oxytocin receptors in the brain (Champagne, Diorio, Sharma, & 
Meaney, 2001; Francis, Champagne, & Meaney, 2000). Oxytocin, the 
neuropeptide that binds to these receptors, promotes pro-social behaviours and 
other-concern (for reviews see Graustella & MacLeod, 2012; McCall & 
Singer, 2012). More oxytocin receptors mean more possibilities for oxytocin 
to become active and thus more pro-sociality. In line with this, grooming 
induced increases in the number of oxytocin receptors were shown to enhance 
tactile care towards own offspring later in life (for review see Champagne et 
al., 2001; Churchland & Winkielman, 2012). That these effects are caused by 
touch rather than by genetic similarities between mother and pups was 
demonstrated through cross-fostering and through replacing maternal licking 
with experimenter brush strokes. 
 Work in humans complements the touch research done in non-human 
animals. More limited in the kinds of manipulations that can be made, this 
work relies on the following two approaches. The first approach explores 
tactile interventions, such as infant massages. Studies using this approach in 
preterm or high-risk infants found that, compared to usual care control infants, 
the massages improved weight gain (Vickers, Ohlsson, Lacy, & Horsley, 
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2004), autonomic function (Smith et al., 2012), motor development 
(Procianoy, Mendes, & Silveira, 2010), and brain maturation as assessed 
through visual acuity (Guzzetta et al., 2009). Identified benefits of massaging 
healthy infants include improved sleep, reduced crying, and fewer circulating 
stress hormones (Underdown, Barlow, Chung, & Stewart-Brown, 2006).  
 The second approach involves the observation of naturally occurring 
maternal touch and relates such observation to indices of child development. 
Of particular interest here are studies that have linked maternal touch to child 
attachment formation – a process by which children form affective bonds with 
emotionally important others, such as their parents or peers (Bowlby, 1958, 
1977). Depending on their experiences with these others, children may 
become securely attached whereby they perceive caregivers and important 
others as secure bases from which they can explore the world. Alternatively, 
they may become insecurely attached, displaying more ambivalent and/or 
avoidant behaviour and attitudes towards attachment figures (Ainsworth & 
Bell, 1970; Hamilton, 2000; Hazan & Shaver, 1987; Waters, Merrick, 
Treboux, Crowell, & Albersheim, 2000).  
 Along with other relationship variables, touch was found to promote 
the formation of secure attachments. Mothers who engage in more frequent 
affectionate touch are more likely to have securely attached children than 
mothers who engage in little affectionate touch (e.g. Ainsworth, 1979; 
Anisfeld, Casper, Nozyce, & Cunningham, 1990; Egeland & Farber, 1984; 
Grossmann, Grossmann, Spangler, Suess, & Unzner, 1985; Weiss, Wilson, 
Hertenstein, & Campos, 2000). The reason this is of interest to us is that 
attachment influences social functioning. Secure individuals display more 
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cooperation, are better social problem-solvers, and hold more positive views 
of themselves and others than insecure individuals (Ainsworth, 1979; Allen et 
al., 2002; Berk, 2013). They affectionately touch others more frequently, and, 
as adults, are more often involved in enduring romantic relationships 
(Guerrero & Bachman, 2006; Hazan & Shaver, 1987). They are also more 
likely to raise securely attached children (Benoit & Parker, 1994). In contrast, 
insecure individuals display more aggression and/or anxiety, and struggle with 
trust and intimacy (Ainsworth, 1979; Allen et al., 2002; Booth, Rose-Krasnor, 
& Rubin, 1991; Brennan & Shaver, 1995; Hazan & Shaver, 1987; IJzendoorn, 
Schuengel, & Bakermans–Kranenburg, 1999). They are also more likely to 
raise insecure children (Benoit & Parker, 1994).  
 In sum, research in non-human mammals demonstrated a role of touch 
for an offspring's physical and mental development including the development 
of brain mechanisms responsible for social functioning. Research in humans 
complemented these findings by showing a link between touch and 
attachment. Here we sought to extend this work and to address three 
outstanding questions. First, we were interested in further specifying the role 
of touch for human social development. We asked whether touch increases 
sensitivity to social information, specifically faces, thereby promoting the 
formation of affective bonds. Apart from the rodent work cited above, this 
possibility is supported by extant human research on attachment and links 
between oxytocin and social sensitivity (for reviews see Graustella & 
MacLeod, 2012; McCall & Singer, 2012).  
 A second question was how touch compares with other care-giver 
variables in its contribution to social information processing.  Touch often 
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occurs in conjunction with other maternal behaviours and their respective 
effects have not been isolated. For example, touching may be accompanied by 
vocalisations and there is research suggesting that the latter also benefit 
aspects of child development. Among others, vocalisations were shown to 
enhance language development (Kuhl, Coffey-Corina, Padden, & Dawson, 
2005; Kuhl, 2007; Watson, Baranek, Roberts, David, & Perryman, 2010), and, 
like touch, to affect secure attachments (Egeland & Farber, 1984). We 
therefore sought to contrast the effects of touch with those of vocalisations to 
determine its potential specificity. 
 Lastly, we aimed to shed light on the kind of tactile actions that are 
potentially more critical for face sensitivity. Rodent studies exploring licking 
and grooming suggest that stroking motions could be of significance. This is 
further corroborated by the discovery of C-tactile afferents. This 
mechanoreceptor found in hairy skin of both non-human animals (Vrontou, 
Wong, Rau, Koerber, & Anderson, 2013) and humans (Olausson et al., 2002) 
fires maximally at stroking velocities of ~4 cm per second (Löken, Wessberg, 
Morrison, McGlone, & Olausson, 2009). Moreover, unlike other 
mechanoreceptors, its firing rate correlates with perceived pleasantness 
suggesting a special role in tactile interactions. Thus, we asked whether 
maternal stroking more than other tactile actions (e.g., holding, tapping) was 
associated with face sensitivity in the child. 
 Apart from addressing these questions, we further sought to extend 
extant work by studying touch in young children. Few studies explore touch 
with human children beyond infancy (Jung & Fouts, 2011). Moreover, the 
increasing social interaction encountered by children in the preschool 
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environment suggests an increasing importance for the development of 
adequate social functioning at this time. Finally, we sought to explore the 
possible long-term developmental effects of touch, rather than simply short-
term behavioural influences. As such participants needed considerable 
experience with touch.  
 We invited mothers and their 4-6 year old children to participate in a 
ten minute play session involving a board game. This board game was 
designed to create close physical proximity conducive to, but not 
necessitating, touch. The play session was recorded on videos that could later 
be analysed for the frequency of both maternal touch and vocalisation. After 
the play session, each child performed a simple object categorization task in 
which objects appeared on the backdrop of face and house distractors. 
Previous research in infants (Johnson, Dziurawiec, Ellis, & Morton, 1991; 
Lutchmaya & Baron-Cohen, 2002; Valenza, Simion, Cassia, & Umiltà, 1996), 
adolescents (Fletcher-Watson, Leekam, Benson, Frank, & Findlay, 2009) and 
adults (Vuilleumier, Armony, Driver, & Dolan, 2001; Vuilleumier, Richardson, 
Armony, Driver, & Dolan, 2004; Wojciulik, Kanwisher, & Driver, 1998) has 
identified faces as a special social stimulus that captures attention more 
effectively than other visual objects. Moreover, this work linked face 
processing to a natural social interest that benefits the processing of social 
over non-social information. Given that humans are a highly social species, 
this processing bias is particularly relevant for one's success in life (Dunbar & 
Shultz, 2007; Frith, 2007; Johnson et al., 2005). Thus, like others, we 
considered face processing a good starting point from which to explore the 
role of touch for social development.  
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 Based on extant work, we tested the following three predictions. First, 
we predicted that the frequency of maternal touch would correlate with the 
child's natural sensitivity for faces, operationalised as greater distraction from 
faces than houses. Second, we hypothesized that if touch plays a special role 
in social development it should produce a stronger correlation than maternal 
vocalisations with our social measure. Please note that a special role for touch 
may be inferred from the absence of comparable evidence for other maternal 
behaviours. However, as other behaviours have not been explored to the same 
extent, their respective roles are still uncertain. Third, we expected that 
stroking would contribute more than other tactile actions (e.g., holding, 
tapping) to child development. Moreover, we hypothesized that these 
contributions would be more pronounced for intentional touch, as compared to 
incidental touch. Intentional touch was defined as actions purposefully 
directed towards the child, such as when the mother tapped the child to capture 
his or her attention. Incidental touch was defined as actions directed away 
from the child such as when the mother accidentally stroked the child simply 
because she wanted to reach for an object on the game board and the child was 
in the way. The premise for differentiating these touches as to their relation to 
social information processing was that intentional touch would more likely 
reflect typical interactions, and the long-term tactile strategies between mother 
and child, whereas incidental touch would more likely reflect the physical 
proximity of the play. Thus, genuine contributions of long-term maternal touch 








The experiment was piloted by five mother-child dyads to establish the 
childrens' ability to perform the tasks, a suitable frequency of offering breaks, 
and the suitability of stickers as incentives. Data from these participants were 
not included in the analysis.  
 Forty-two mother-child dyads participated in the experiment proper. 
Five dyads were excluded from data analysis due to missing data (N=2), the 
mothers' touching being more than 2 SD away from the mean (N=2), or the 
child's mean reaction time during object categorization being slower than two 
standard deviations (SD) from the mean (N=1). The final sample consisted of 
37 mothers (mean age = 37 years, SD = 2.93) and 37 (19 female) 4-6 year old 
children (mean age = 4.7 years, SD = 0.66). All mothers bar one breastfed 
their child (mean age of child when breastfeeding was discontinued = 10.88 
months, SD = 7.52). Children were predominately ethnically Chinese (81%). 
The remaining sample consisted of Eurasian (13.5%) children, as well as one 
Indian and one Iranian child. Eighty-one per cent of children spoke English as 
their first language, 8.1% spoke Mandarin, 5% spoke both English and 
Mandarin, one child spoke Persian, and one child spoke German and English 
as their first language(s). According to maternal report, no child had a 
diagnosed developmental disorder. To minimise the burden on mothers, 
additional demographic information regarding socio-economic and family 







This study was approved by the National University of Singapore's Ethics 
committee (approval number: NUS 879). Experiment sessions took place in a 
vacant room at the child's kindergarten. Each session consisted of three tasks, 
(i) a 'warm-up' task allowing mother and child time to become comfortable 
with the testing environment, (ii) a mother-child play session, and (iii) the face 
sensitivity task to be completed by the child. The experiment concluded with 
the mother completing a short demographic questionnaire. Children were 
offered breaks and stickers as incentives throughout the study. All data was 
collected by the author.  
 
2.2.1 Recruitment. Private kindergartens were contacted by the author and 
invited to take part in the study. Once a kindergarten agreed, information 
sheets were sent to the mothers of appropriately aged children. All who 
responded and wished to participate were included in the study. They received 
S$20.00 as a token of appreciation. 
 
2.2.2 Warm-up task. The child was asked to choose his or her favourite 
coloured pencil from a pack of 12 and to draw a picture of their family. If they 
took less than ten minutes to complete the drawing, they were invited to draw 
a second picture of their choosing. 
 The first 14 children were asked to provide a saliva sample at the end 
of this task by placing a Salimetrics Children's Swab (“Salimetrics,” 2009) 
 10 
 
under their tongue until the swab became damp. This was done because we 
hoped to measure the children's salivary oxytocin levels. However, because 
the hormone assay was unsuccessful, we discontinued saliva collection for the 
remaining participants. As part of the saliva sample collection procedure, all 
participants were asked to drink some bottled water at the beginning of the 
warm-up task. 
 
2.2.3 Play session. This session lasted ten minutes and was semi-structured. 
A forest themed play board measuring 1m x 0.5m with a 0.5m high back was 
placed on the floor in front of two large cushions (Figure 1). Two small plush 
toys, a cardboard boat, and a picnic basket containing a blanket and some 
cardboard fruit were provided. Two digital video cameras on tripods were set 
up behind and to the left and right of the board. The tripods and cameras were 
set in the same position relative to the board for each dyad. At the beginning of 
this session, mother and child were directed to the floor cushions and shown 
the toys. The mother was then asked to tell a story together with her child that 
began with two friends who had made a toy boat together and gone to the 
forest for a picnic and to play with their boat. The mother was informed that 
they could take the story anywhere they wanted from that point and that the 
session would last for ten minutes. The child was told s/he would be left alone 
to play with their mother. After giving the instructions, the researcher left the 
room for the duration of the play session. 
 Following the play session, those participants who provided a saliva 




2.2.4 Face sensitivity task. An object categorization paradigm with face and 
house distractors was used to measure the child's implicit interest in and 
readiness to orient towards faces as compared to non-faces. This paradigm was 
adapted from previous work exploring face processing in adult individuals 
(e.g. Vuilleumier et al., 2001, 2004; Wojciulik et al., 1998). As far as the 
author is aware, this is the first implicit face-processing paradigm with a 
behavioural task suitable for this age group. 
 The distractor stimuli comprised 40 face (half female) and 40 house 
images. They were full-frontal, grey-scale images presented against a black 
background. Face images were from the CAS-PEAL Facial Image Database 
Release 1 (Gao et al., 2004), depicting ethnically Chinese individuals with 
emotionally neutral expressions. The house images, obtained from Escoffier, 
Sheng, and Schirmer (2010), depicted semi-detached houses and terrace 
houses.   
 The task stimuli were yellow outlines of four shapes grouped into a 2 x 
2 array. These shapes included a circle, a square, a triangle and a star (Figure 
Figure 1. Standardised set-up for mother-child play session. 
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2). They were overlaid on the distractors, horizontally centred, and positioned 
somewhat below the screen's midpoint so that, in the case of face distractors, 
they appeared just below eye level. The circle shape was the target stimulus 
for the child. It appeared on the left-hand side of the arrangement for half the 
trials and on the right hand side for the remaining trials. The left and right 
circle arrangements were paired with face and house images such that half the 
faces and half the houses occurred together with a circle on the left and the 
remaining faces and houses occurred together with a circle on the right. 
 The face sensitivity task was presented on a laptop at a table located 
next to the play board. The mother and the researcher were seated on either 
side of the child. Each trial consisted of a 300ms white fixation cross that was 
followed by a distractor image overlaid by the shape outlines. The child's task 
was to push a left button on a keyboard if s/he saw a circle on the left and a 
right button if s/he saw a circle on the right. The display remained until the 
child made a response (Figure 2). A 500ms black screen formed the inter-trial 
interval. Presentation of face and house trials was randomized. The task 
started with six practice trials and the distractors for these trials were not used 
on proper experimental trials. Children needed to respond correctly to at least 
80% of the practice trials before they could begin the experiment. They 
repeated the practice session if necessary. The experiment consisted of 80 
trials and after 40 trials the child was given a break and offered a sticker. Upon 





2.3  Measures and Data Analysis 
 
2.3.1 Maternal behaviours. Based on a review of the literature, the author 
developed coding systems for maternal touch and vocalisation. A considerable 
number of different coding systems have been published for touch (e.g., 
Feldman, Weller, Sirota, & Eidelman, 2003; Ferber, Feldman, & Makhoul, 
2008; Franco, Fogel, Messinger, & Frazier, 1996; Grossmann, Thane, & 
Grossmann, 1981; Herrera, Reissland, & Shepherd, 2004; Jung & Fouts, 2011; 
Moreno, Posada, & Goldyn, 2006; Polan & Ward, 1994; Weiss, 1992). Extant 
touch classifications included incidental/accidental touch (Feldman et al., 
2003; Herrera et al., 2004; Jung & Fouts, 2011; Polan & Ward, 1994), as well 
as categories specific to intentional touch, such as affectionate (Feldman et al., 
2003; Ferber et al., 2008; Franco et al., 1996; Jung & Fouts, 2011; Moreno et 
al., 2006), stimulating (Moreno et al., 2006; Polan & Ward, 1994), and 
 
Figure 2. Face sensitivity task procedure. For each trial, a fixation cross was 
followed by a face or house distractor overlaid by four geometric shapes. The 
inter-trial interval was 500ms.  
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instrumental (Grossmann et al., 1981; Jung & Fouts, 2011; Moreno et al., 
2006) touch. We combined these concepts of classifying touch intent 
(intentional, incidental) with the recording of touch actions (Weiss, 1992). 
Descriptions of actions classified in this study are provided in Table 1. Total 
maternal touch indicated the overall frequency with which a mother touched 
her child.  
 The coding of maternal vocalisation was also informed by extant vocal 
coding systems (e.g. Colonnesi, Zijlstra, van der Zande, & Bögels, 2012; 
Ertmer & Jung, 2012; McCathren, Yoder, & Warren, 1999; Torola, 
Lehtihalmes, Heikkinen, Olsen, & Yliherva, 2012). Vocalisations were 
considered separate instances if there was a one second or greater pause 
between them (Ertmer & Jung, 2012) or if the child vocalised between two 
maternal vocalisations. Vocalisations were classified as being either verbal, 
non-verbal vocal, or non-verbal non-vocal (see Table 1 for descriptions).   
 The author coded several video recordings from mother-child 
participants to establish the coding systems. Participant video recordings were 
then independently coded for touch by two research assistants, Amanda Tan 
and Chua Zijun Angeline, who were trained and supervised by the author. 
Maternal vocalisations were independently coded by the author and Amanda 
Tan. Both videos for each dyad were synchronised using the ELAN software 
(“ELAN,” 2012; Sloetjes & Wittenburg, 2008) to allow coding of maternal 
behaviours. 
 Despite training, inter-rater reliability (IRR) for touch coding was 
initially quite poor. One RA often missed tactile instances that were noted by 
the other and vice versa. To address this, we asked RAs to compare video time 
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stamps for tactile incidents. The RAs then independently re-checked the 
videos for time-stamps recorded by only one of them and determined whether 
they had missed a tactile incident. For consistency, we employed the same re-
coding method for the vocalisations. The reliability of the mean codes was 
calculated using two-way consistency intra-class correlations (ICC) (McGraw 
& P, 1996; Shrout & Fleiss, 1979). The resulting ICC was 0.97 for total 
maternal touch, 0.83 for intentional touch, and 0.93 for incidental touch. The 
ICC for total maternal vocalisations, all of which were considered intentional, 
was 0.97. The ICCs for touch actions and voice subcategories are presented in 
Table 1. The averaged RA frequency scores were used for further analysis. 
 
Table 1. 
Descriptions and Intraclass Correlations (ICC) of mean codes for Maternal 






2.3.2 Face sensitivity. Face sensitivity was assessed based on the child's 
performance in the Face Sensitivity task. We discarded trials for which the 
child responded incorrectly and trimmed the remaining reaction time data to ± 
2 SD. Data were trimmed to discard outlying trials for which the child 
responded too deliberately or too quickly. As such, the remaining data more 
accurately reflected the distraction effects of the face and house stimuli. This 
trimmed data indicated relatively slow and varied response delays. The mean 
reaction time was 1431.63ms (SD = 398.36) for face trials and 1425.12ms (SD 
= 402.85) for house trials. Duration and variation in reaction time were due to 
the children being inconsistent about keeping their index fingers resting on the 
marked keys. As this was a distraction paradigm, such arbitrary variations 
rendered mean reaction times unsuitable for analysis. We, therefore, used 
response times only to exclude children that responded too deliberately as 
indicated by mean response times greater than 2 SD away from the group's 
mean. Moreover, we focused the remaining analysis on accuracy scores. 
Accuracy was calculated by dividing the number of correct face or house trials 
by the total number of face or house trials, respectively. 
Accuracy scores were subjected to the following formula in order 
calculate a face sensitivity index (FSI):  
 
FSI = accuracy (house trials) – accuracy (face trials) 
 
Higher FSI scores would suggest that children were more distracted and 
therefore less accurate during face as compared to house trials.  
 A Shapiro-Wilk test of normality indicated maternal vocalisations were 
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normally distributed (W = .99, p = .92). However, maternal touch was 
marginally positively skewed (W = .94, p < .06) and the FSI was significantly 
negatively skewed (W = .91, p = .005). Therefore, we chose non-parametric 
tests for our analysis, including Spearman's rank correlations (rs), Wilcoxon 
rank sum t-tests, and ranked ANOVAs (Conover & Iman, 1981; Zimmerman 
& Zumbo, 1993).  
 
2.3.3 Demographic questionnaire. Mothers indicated the child's age, sex, 
ethnicity, first language, as well as whether and for how long they breastfed 
their child. 
 
2.4 Pilot Study  
We piloted the paradigm described above with 45 adult participants (mean age 
= 21.07 years, SD = 1.48). However, rather than using exactly the same 
procedure, we introduced two variations. First, we used multiplication 
equations instead of geometrical shapes in order to avoid ceiling performance. 
Participants pressed one of two counterbalanced response keys to indicate 
whether an equation overlaid on a distractor was correct or incorrect (e.g., 2 x 
2 = 5 would be incorrect). A second modification was that the experiment was 
divided into two counterbalanced blocks during one of which the author rested 
her hand on the participant's forearm – a form of skin-to-skin contact that was 
deemed reasonably appropriate between strangers. This modification was 
introduced to assess potential short-term touch effects on face sensitivity that 
might overshadow potential long-term touch effects, which were of primary 




 For statistical analysis, we trimmed correct trial reaction times to ± 2 
SD.  Participants had longer reaction times during face trials (mean = 
1110.94ms, SD = 199.42) relative to house trials (mean = 1088.52ms, SD = 
196.45), however, for statistical analysis a reciprocal transformation was 
needed to normalise the data. We analysed the resulting transformed mean 
reaction times using a two-way ANOVA with Touch and Image as repeated 
measures factors.  A significant main effect for Distractor (F(1, 44) = 4.63, p < 
.05, η2 = .0032) indicated participants were more distracted by faces than by 
houses.  All other effects were non-significant (ps>.1; see Appendix A for 
details). Thus, the pilot study replicated the results reported for the original 
paradigm (e.g., Vuilleumier et al., 2001, 2004) indicating that our 
modifications were successful. Additionally, it suggested that immediate touch 





Mean scores and standard deviations for all independent variables are 




Independent Variable Mean, SD, and Spearman's Rank Correlation with FSI 
and Overall Task Accuracy. 
 
 
3.1 Preliminary Analysis 
We conducted a preliminary analysis to explore the possibility that mothers 
treated girls and boys differently with respect to the tactile and vocal 
behaviours that were of interest. To this end, separate Wilcoxon rank sum t-
tests with continuity corrections were conducted comparing girls and boys. 
Frequency of maternal touch (W = 165.5, p = .88), intentional touch (W = 155, 
p = .64), incidental touch (W = 158, p = .70), maternal vocalisation (W = 142, 
p = .39), and FSI (W = 164, p = .84) did not differ between girls and boys. 
Consequently, sex was not included in any of the subsequent analyses.  
 We also explored a possible variation in the above mentioned measures 
as a function of maternal age and the age of child when breastfeeding was 
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discontinued. We found that the mean frequency of maternal vocalisations 
tended to be correlated with maternal age (rs = -.30, p = .08). However, all 
other correlations were non-significant (ps > .1) See Appendix B for rs and p 
values. 
 
3.2 Face Sensitivity Task Performance 
The mean accuracy for face distractors was 0.94 (SD = .06). The mean 
accuracy for house distractors was 0.93 (SD = .08). A Wilcoxon signed rank 
test with continuity correction indicated that there was no significant 
difference in mean accuracy scores for face and house distractors (V = 242, p 
= .60).  
 
3.3 Maternal Touch 
The relationship between the maternal touch behaviours and the FSI 
was explored in several steps. First, we tested whether the frequency of 
maternal touch was associated with performance on the face sensitivity task. 
As expected, we found that touch positively correlated with the FSI, but failed 
to correlate with overall task accuracy (see Table 2 for rs).  
 In a second step, we followed up the above touch main effect by 
examining individual tactile actions according to maternal intent. To this end, 
we first compared the frequencies of the actions and then correlated these 
frequencies with the children's FSI. The tactile actions relevant for the present 
purpose were both intentional and incidental holding, pulling, pushing, resting, 
stroking, and tapping. Their frequencies were analysed with a Type II 2 × 6 
within-subjects ranked ANOVA with Intent (intentional, incidental) and Action 
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(hold, pull, push, rest, stroke, tap) as factors. This resulted in a significant 
main effect of Intent (F(1, 36) = 4.64, p < .01), a main effect of Action (F(5, 
180) = 77.16, p < .001 Greenhouse-Geiser corrected) and an interaction 
between Intent and Action (F(5, 180) = 20.69, p < .001 Greenhouse-Geiser 
corrected) (Figure 4). Follow-up analysis of the interaction effect was 
conducted using paired samples Wilcoxon signed rank tests with continuity 
correction for each level of Action. These tests revealed that intentional touch 
occurred significantly more frequently than incidental touch for holding (V = 
14, p < .001), pulling (V = 2, p < .01), and pushing (V = 12, p < .001) actions. 
In contrast, incidental touch was more frequent than intentional touch for 
tapping (V = 703, p < .001). 
 Correlation analyses testing the relationship between the frequency of 
certain forms of touch and the FSI were significantly positive for intentional 
touch (rs
 
= 0.41, p < .001) (see Figure 3) but only tendentially positive for 
incidental touch (rs
 
= 0.29, p = .08). Moreover, further explorations for 
individual touch actions showed that the above effect for intentional touch was 
driven primarily by stroking, as well as holding, resting, and tapping. Pulling 
tended to be correlated with the FSI and pushing was uncorrelated (Figure 4; 
Table 2 for rs). The tendential effect for incidental touch was also explored. As 
expected, there were only marginal effects for resting and tapping and non-












Finally, since extant literature identified stroking as a potentially 
important action, we explored the relationship between stroking and the other 
Figure 4. Touch action results. Bars indicate mean frequencies of maternal 
touch actions for intentional and incidental touch. Error bars reflect the within-
subject standard error of the mean. Signs above error bars indicate the 
significance of correlations between the touch actions and the SSI with + = p < 
.1; ++ = p < .06; * p < .05. 
Figure 3. Relationships of frequency of intentional touch and vocalisation 
with the FSI, respectively. The frequency of touch, but not vocalizations, 
positively correlated with the FSI. 
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actions, as well as the relative strength of the relationship between stroking 
and child face sensitivity. Firstly, we compared the correlation between 
intentional stroking and the FSI with that of incidental stroking and the FSI. A 
one-way test of Hittner and colleagues' (Hittner, May, & Silver, 2003) z was 
significant (z = 1.75, p < .05), indicating that intentional, more so than 
unintentional maternal stroking was associated with child FSI. Secondly, we 
correlated stroking with each of the other actions using an adjusted alpha level 
of .01 per test, according to the Keppel procedure (Keppel & Wickens, 2004). 
Since only intentional touch actions correlated with the FSI, only intentional 
touch actions were examined. Stroking was significantly positively correlated 
with resting (rs = .57, p < .001) and tapping (rs
 
= .46, p <.01), and tended to 
correlate with holding (rs
 
= .37, p = .03) and pulling (rs = .33, p = .05). 
Thirdly, we compared the correlation of intentional stroking and the FSI with 
that of the average of all other intentional touch actions and the FSI. The 
correlation coefficient for the relation between the FSI and the average 
frequency of all intentional touch actions besides stroking was 0.51 (p < .01) 
and thus higher than the correlation coefficient for the relation between the 
FSI and intentional stroking. Moreover, a one-way test of our prediction that 
stroking was more important than other forms of touch was non-significant (z 
= -1.12, p = .87). 
 
3.4 Maternal Vocalisation 
As with maternal touch, we tested whether the frequency of maternal 
vocalisation was associated with performance on the face sensitivity task. We 
found that vocalisation frequency did not correlate with the FSI (Figure 3) or 
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with overall task accuracy (see Table 2 for rs).  
 
3.5 Comparing and Relating Maternal Behaviours 
Next, we were interested in assessing whether the relationship between 
maternal vocalisation and the FSI differed significantly to that of maternal 
touch. To this end, we compared the correlation between intentional maternal 
touch and the FSI with that of maternal vocalisation and the FSI. A one-tailed 
test of Hittner and colleagues' (2003) z was significant (z = 1.81, p < .05) 
indicating that intentional touch, more so than vocalisation, was associated 
with the FSI. 
 Finally, we tested whether the frequency of maternal touch was 
correlated with the frequency of maternal vocalisation. The results of this 
analysis were non-significant (rs
 




Past research points to a relationship between early tactile experiences and 
social functioning across the lifespan (e.g., Ainsworth, 1979; Allen et al., 
2002; Anisfeld et al., 1990; Berk, 2013; Champagne et al., 2001; Churchland 
& Winkielman, 2012). We sought to further explore this relationship by 
studying touch effects in early human childhood, a relatively under-studied 
population with regards to touch. We measured how frequently mothers 
touched their 4-6 year old children in a free-play situation and correlated this 
frequency with the children's performance in a face sensitivity task. As 
expected, we found that touch, especially when intentional, was associated 
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with greater distraction by faces as compared to houses, suggesting that 
maternal tactile strategies relate to child social information processing. 
Moreover, we identified specific touch actions important for this relationship. 
As expected, stroking, but also holding, resting, and tapping were linked to 
face sensitivity. In the following we will discuss the nature of the observed 
effects in more detail paying specific attention to face sensitivity in children 
and it's relation to touch and other maternal behaviours. Potential long- versus 
short-term mechanisms are also discussed.  
 
4.1 Face Sensitivity in Children 
As already mentioned, much research points to the fact that faces are a more 
significant stimulus for the visual system than other objects. Although there is 
substantive evidence for this from infants, adolescents, and adults, this 
evidence describes the developmental course of face processing only 
incompletely. We know from infant studies that a face bias exists at birth but 
declines after the first month (Johnson et al., 1991). Furthermore, there is 
indication that the development of a renewed face bias is fairly protracted. 
Brain regions associated with face processing keep expanding and fine-tuning 
their specificity from infancy into adulthood (Dekker, Mareschal, Sereno, & 
Johnson, 2011; Golarai, Liberman, Yoon, & Grill-Spector, 2010). However, 
when exactly this development further biases the analysis of faces over other 
visual stimuli is unclear. Our results suggest that on average, children of 4 to 6 
years fail to show a face bias. Some individuals preferred faces over houses, 
whereas others showed an opposite pattern. This resulted in a small mean FSI 
for the sample (-0.009) and a relatively large SD (0.06). Notably, however, 
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variability in the face sensitivity effect could be partly explained by variability 
in maternal touch suggesting that this touch could play a role in spurring the 
development of a face bias. 
 
4.2 Maternal Behaviours and Child Social Functioning 
Evidence for an influence of maternal touch on offspring social functioning 
comes from both non-human animals and humans. However, while work in 
non-human animals identified a direct causal link, work in humans is still 
largely indirect. Apart from studies showing a positive correlation between 
maternal touch and child attachment, only a couple of studies examined 
maternal touch in relation to child prosociality or engagement with social 
information. One such study by Weiss (2005) employed a Kangaroo Care 
intervention with low birth weight infants. Kangaroo care involves holding 
infants in skin-to-skin contact against the caregiver’s chest. This intervention 
resulted in infants having a better ability to orient and gaze towards caregivers. 
In another study by Watt (1990), mothers of low birth weight infants were 
provided with a front carrier and with information about infant massage and 
development. Control mothers were only provided with general information 
regarding infancy, such as sleeping and feeding patterns. At three months of 
age, infants in the intervention group showed enhanced social engagement 
with their mothers relative to control infants.  
 Although these studies are interesting, possible conclusions remain 
limited. For one it is unclear to what extent one can generalize from preterm or 
low birth-weight infants to normally developing infants. Additionally, study 
design and dependent variables make multiple interpretations viable. For 
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example, the observed touch effects may reflect general benefits on cognitive, 
emotional, or motor development. Alternatively, they may reflect an increased 
interest in the mother and thus be an expression of attachment formation with 
little insights into how children would engage with other potential social 
partners. 
 The present study addressed these concerns and supports the idea that, 
apart from affecting child attachment, touch relates to how children process 
social information relating to individuals other than attachment figures. 
Consistent with extent non-human animal and human work, we found that 
maternal touch was related to child face sensitivity, as measured by the FSI. 
As such touch might be one way parents can further the natural prioritization 
of social over non-social information during information processing.  
 There is debate in the literature as to whether the processing of social 
information such as faces or voices depends on specially dedicated 
mechanisms or on the developmental tuning of general information processing 
mechanisms. Proponents of the dedicated mechanisms view hold that there are 
face or voice specific neural brain networks that mature in the course of 
development (e.g. Blasi et al., 2011; Farah, Rabinowitz, Quinn, & Liu, 2000). 
Proponents of the general processing mechanisms view argue that social 
motives make faces and voices important stimuli and help optimize all-
purpose neuronal pathways for socially relevant information (for review see 
Campatelli et al., 2013). This latter view also holds that a lack of motivation 
for social interaction underlies the deficits in social processing evident in 
autism spectrum disorder (Grelotti, Gauthier, & Schultz, 2002).  
 Using a distraction paradigm, our results suggest that the orientation to 
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faces relative to houses is related to the frequency of maternal touch. Taking 
into account both sides of the debate regarding social processing mechanisms, 
one possible interpretation of our results is that maternal touch supports the 
maturation of dedicated brain networks. Alternatively however, higher 
frequency tactile contact could increase children's social interest and thus their 
motivation to attend to face stimuli. This latter possibility would be in line 
with non-human animal evidence showing that stroking increased the number 
of central oxytocin receptors in the offspring in a wide range of regions 
including the amygdala and the hypothalamus – two areas implicated in 
emotion and motivation (Champagne et al., 2001). 
  To elucidate the potential specificity of maternal touch on child social 
processing, we investigated vocalisations as a second maternal behaviour. 
Notably, we found this behaviour uncorrelated with touching and was 
irrelevant for child face sensitivity. This may seem to contradict previous work 
implicating a relation between maternal vocalisations on the one hand and 
language development and attachment on the other (Egeland & Farber, 1984; 
Kuhl et al., 2005; Kuhl, 2007; Watson et al., 2010). However, it is still unclear 
whether and in what way these developmental aspects relate to the kind of 
social functioning explored here. Moreover, there are reasons to assume that 
maternal vocalisation effects, if any, would be weaker than the effects of 
touch. For one, non-human animal work highlights touch rather than 
vocalisations as a key maternal behaviour. Additionally, there are more human 
touch than vocalisation studies suggesting a link to social functioning. One of 
these studies was conducted by Peláez-Nogueras and colleagues' (1996), 
which compared infant social engagement during separate touch and no-touch 
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conditions. In both conditions, the researcher responded to infant eye-contact 
by maintaining eye-contact, smiling and cooing. In the touch condition, the 
researcher also stroked the infants’ legs. Infants fussed less, smiled and 
vocalised more and made more frequent eye-contact during the touch 
condition than the no-touch condition. As such, the other variables were less 
effective in supporting infant social engagement than when combined with 
touch. Thus, while further research is necessary, our findings are consistent 
with extant literature and provide preliminary support for a potentially unique 
role for touch in facilitating childrens’ orientation towards faces.  
 
4.3 The Association between Touch Actions and Face Sensitivity 
Research with both non-human animals and humans identified stroking as a 
tactile action with particular importance for offspring development (for review 
see Champagne et al., 2001). Moreover, it revealed the C-tactile receptor, 
which specifically responds to stroking at a speed typical for grooming or 
interpersonal touch (Iggo & Muir, 1969). C-tactile receptors differ from other 
tactile receptors in that their neuronal projections travel from the periphery, 
brainstem, and thalamus directly to the insula, by-passing primary 
somatosensory cortex and thus conscious perception. Because of this and the 
insula's involvement in social and emotional processing (Eisenberger, 
Lieberman, & Williams, 2003; Olausson et al., 2002) it has been postulated 
that C-tactile afferents evolved specifically to signal affiliative touch 
independently of other tactile sensations (Olausson, Wessberg, Morrison, 
McGlone, & Vallbo, 2010). The present results support this possibility. 
Moreover, in line with extant work on touch, they show that the frequency of 
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maternal stroking is relevant for social functioning. 
 Notably however, stroking was not the only action to positively 
correlate with child face sensitivity. Other tactile actions including tapping, 
holding, and resting were equally if not more relevant. One explanation for 
this is that these actions co-occur with stroking. In other words, mothers who 
frequently stroke also tap, hold or rest against their child. If true, the present 
correlational design would not allow us to dissociate the effect of stroking 
from the effect of these other touches. In line with this possibility we observed 
that stroking correlated significantly with resting and tapping, and tendentially 
with holding and pulling.  
 However, other explanations are equally possible. For example, one 
may argue that stroking shares a number of tactile sensations with other forms 
of touch and that it is these shared sensations rather than the stroking motion 
that is critical. In line with this possibility, there is evidence that skin 
temperature and pressure changes, common to most forms of touch, influence 
social functioning. Physical warmth can facilitate pro-social behaviours, such 
as generosity (Williams & Bargh, 2008), and alleviate negative affect resulting 
from social exclusion (Bargh & Shalev, 2012; IJzerman et al., 2012). Skin 
pressure can increase one's sense of well-being and facilitate the processing of 
emotional stimuli (Mullen, Champagne, Krishnamurty, Dickson, & Gao, 2008; 
Schirmer et al., 2011). One potential mechanism underlying these temperature 
and pressure effects involves the release of endogenous opioids (for reviews 
see Dunbar, 2010; Nelson & Panksepp, 1998; Panksepp, Herman, Vilberg, 
Bishop, & DeEskinazi, 1980). Endogenous opioids are neurotransmitters that 
create a sense of well-being and that presumably motivate social interest (for 
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review see Nelson & Panksepp, 1998). Thus, stroking specific but also more 
general tactile sensations may explain the effects observed here. 
 
4.4 Short-Term versus Long-Term Effects 
While maternal touch has evident long-term organizational effects on 
offspring development, it may also affect child cognitive functioning and 
behaviour in the short-term. Field studies with human adults found that tactile 
contact facilitated pro-social behaviour and attitudes up to eight days after the 
encounter (Crusco & Wetzel, 1984; Durana, 1998; Fisher, Rytting, & Heslin, 
1976; Guéguen & Fischer-Lokou, 2003; Guéguen, Meineri, & Charles-Sire, 
2010; Joule & Guéguen, 2007; Kleinke, 1977). For example, individuals who 
were touched were found to be more likely to comply with a request and to 
evaluate the toucher positively than individuals who were not touched. 
Extrapolating these results to children one may reasonably speculate that 
maternal touch could immediately increase their pro-sociality and, associated 
with that, their face sensitivity. 
 In light of this possibility, we aimed to elucidate the role of long- 
versus short-term tactile mechanisms for the effects observed in the present 
study. To this end, we conducted a pilot study in adults that employed 
structured and counterbalanced touch during the face sensitivity task. The lack 
of a touch effect suggested the paradigm was not sensitive to short-term 
effects. Additionally, for the mother-child experiment, we categorised touch as 
either intentional or incidental. By definition, intentional touch was 
purposefully directed at the child and as such was likely to reflect the kind of 
touch the child typically receives from his or her mother. In contrast, 
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incidental touch was defined as instances in which the mother touched the 
child non-purposefully and in which she had another behavioural target (e.g., 
the game). Such touches, which the present study facilitated by virtue of the 
game, undoubtedly also occur in a family's everyday life. However, because 
such touches necessitate close physical proximity that may normally involve 
an intent to touch, incidental touch may be less frequent or regular than 
intentional touch. Thus, we reasoned that if a correlation between touch and 
face sensitivity would be significant for intentional but not incidental touch, 
this correlation would likely index long-term effects. In contrast, a significant 
correlation irrespective of touch intent should point to short-term effects. 
Because our results map onto the former rather than the latter possibility, we 
favour the idea that maternal touch has long-term influences on child 
development that are greater than potential short-term influences. 
 Epigenetic research offers insights into the nature of potential long-
term influences. Exploring variations in the expression of genes, this research 
identified signalling pathways through which environmental factors can 
influence which genes are silenced and which genes are transcribed and 
contribute to bodily structure and function (Champagne, 2010). One of the 
pathways that was identified involves methyl groups that may sit on top of the 
DNA and, if they do, prevent gene transcription. Maternal touch can influence 
this pathway and remove DNA methylation. This was demonstrated in rodents 
in which offspring with much tactile care showed more transcription activity 
for the glucocorticoid receptor gene in the hippocampus than did offspring 
with little tactile care (Liu et al., 1997; Weaver et al., 2004). Interestingly, 
there is some indication that a similar mechanism could operate in humans. 
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Adults with a history of childhood neglect were found to have increased 
methylation of the glucocorticoid receptor gene and less evidence for its 
transcription (McGowan et al., 2009). Additionally, there is preliminary 
human work linking the methylation of a specific section of the promoter 
region of the oxytocin receptor gene with autism spectrum disorder, a disorder 
marked by diminished social functioning (Gregory et al., 2009).  
 
4.5 Limitations and Future Directions 
While the present study, along with prior work, highlights the importance of 
early touch experiences for social functioning, many questions remain. For 
one, evidence for the importance of touch in social development has been 
reported for non-human animals and humans of differing demographics. 
Although similarities in brain structures and neurochemicals and the 
consistency of the findings suggests that touch is similarly important across 
the studied samples, this would have to be firmly established by comparative 
research.  
 It is also unclear how accurately long- and short-term tactile effects can 
be assessed by differentiating between intentional and incidental touch. This 
would have to be more properly determined, and additional means to assess 
both would need to be developed. One notable technological development that 
could prove useful in this regard is the creation of pressure sensitive clothing. 
Such clothing could be used to record a child's tactile experiences in the home 
environment across extended periods of time. 
In a similar vein, the touch coding system and face-sensitivity task 
could benefit from further validation. The coding of hold and rest actions had 
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ICC values of 0.67 and 0.69 respectively; which fall just below the generally 
accepted 0.7 cut-off (Dirks, 2000; George, 1990; Judge & Bono, 2000; Shrout 
& Fleiss, 1979). Moreover, it is possible that the face sensitivity task was not 
sensitive enough to reflect orientation to faces through accuracy scores. This 
would be consistent with the adult pilot study, which demonstrated a face-
prioritisation effect through participants' reaction times but not through their 
accuracy scores. However, one difference between the populations was that 
the children responded more deliberately than the adults, possibly due to 
greater familiarity with trying to be accurate rather than trying to respond as 
quickly as possible. Further research with a more challenging categorisation 
task and/or greater emphasis on reaction times could help elucidate the 
development of face-processing in early childhood.  
 The transactional model of child development (see Sameroff, 2009) 
highlights another point of note. It proposes that child factors also influence 
mother-child interactions, thus raising the possibility that children who were 
more interested in faces interacted in ways that elicited more frequent touch 
from their caregivers. Therefore, the possible bi-directionality of maternally 
initiated touch and child face sensitivity, or more broadly, social functioning, 
should be explored through techniques such as longitudinal studies and studies 
measuring dynamic processes in parent – child dyads by taking all interactants 
into account.  
 Finally, while this study failed to produce a significant correlation 
between the frequency of maternal vocalisations on the one hand and both the 
frequency of maternal touch and the children's task performance on the other 
hand, this does not mean that such a correlation does not exist. It could 
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possibly be detected with a larger sample. Moreover, it may be one of many 
other factors including vocalisation content, maternal sensitivity, or parenting 
style that potentially influence social development.  Studies taking into 
account these variables would help elucidate the possible role of touch vis-a-
vis other maternal behaviours for the emerging social brain.  
 Future research along these lines would have practical value in that it 
would provide important information for parents and policy makers 
concerning the benefits of early touch experiences. Nevertheless, care would 
be needed when delivering such information to the public and reference 
should be made to the concept of sensitive parenting. Sensitive parents are 
able to accurately interpret their infant's signals, and to respond appropriately 
and promptly, whereas intrusive parents engage with children regardless of the 
child’s wishes (Schlansker, 1980; Sroufe, 2005). Parental sensitivity has been 
associated with positive consequences (Feldman, 2012; Isabella, 1993), 
whereas insensitivity has been associated with negative consequences for 
offspring social functioning and mental health (Feldman, 2010; Rubin, 
Burgess, & Hastings, 2002). Thus, although parental touch can be of 
significant benefit to the child, such touch should not be overwhelming and 
needs to occur within the context of sensitive parenting. 
 
4.6 Conclusions 
In summary, our study adds to the literature on maternal touch by exploring 
touch with humans in early childhood and demonstrating a relationship 
between the frequency of maternal touch and child orientation towards faces. 
Further, our results suggest that this relationship is unique and different from 
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the relationship between other maternal behaviours (e.g., child-directed 
vocalisations) and face sensitivity. The touch actions that seem most effective 
include stroking, holding, resting, and tapping. Finally, the presence of effects 
for intentional, but not for incidental, touch suggests that touch benefits 
depend on long-term organizational more than on short-term activational 
mechanisms. Thus, throughout childhood caretaker touch may help orient 
children to the social world and shape the neural foundations that enable 
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1. Face Sensitivity Task Pilot Study 
 
Humans are a highly social species, and an adequate capacity for social 
interaction is often critical to ones' success. An important first step in 
successful social interaction is the capacity to process social information 
(Dunbar & Shultz, 2007; Frith, 2007; Johnson et al., 2005). One social 
stimulus that has received considerable interest in extant literature is human 
face-processing. Faces have been identified as a special stimulus that captures 
attention more effectively than other visual objects across the lifespan. 
Preferential looking paradigms, which compare the amount of time an infant 
spends looking at face and non-face images, indicate enhanced attention to 
faces is observable from birth (Farroni et al., 2005; Goren, Sarty, & Wu, 
1975). This effect has also been established in adolescents and adults using 
more complex methods (Fletcher-Watson, Leekam, Benson, Frank, & Findlay, 
2009; Vuilleumier, Armony, Driver, & Dolan, 2001; Vuilleumier, Richardson, 
Armony, Driver, & Dolan, 2004; Wojciulik, Kanwisher, & Driver, 1998). 
However, the developmental trajectory of face-processing is not linear, rather 
it declines after the first month of life (Johnson, Dziurawiec, Ellis, & Morton, 
1991), before being re-established later in life (Dekker, Mareschal, Sereno, & 
Johnson, 2011; Golarai, Liberman, Yoon, & Grill-Spector, 2010). To date, this 
trajectory is described only incompletely, with little being known about face-
processing in early childhood. One possible contribution to this lack of 
knowledge is the dearth of published implicit face-processing tasks suitable 
 55 
 
for use with young children. 
While preferential-looking paradigms are appropriate for exploring 
natural attention for faces in pre-verbal children, studies with adolescents and 
adults require more complex tasks. One task that has been used repeatedly in 
adult studies involves briefly presenting a pair of faces and a pair of houses on 
a computer screen (e.g. Vuilleumier, Armony, Driver, & Dolan, 2001; 
Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004; Wojciulik, 
Kanwisher, & Driver, 1998). One pair is displayed above and below a fixation 
cross, whereas the other pair is displayed to the left and right of fixation. A 
visual cue prior to each trial indicates whether participants should attend to the 
faces and ignore the houses or vice versa. The participants' task is to indicate 
whether the two images in the pair are the same or different for the cued pair. 
By focussing on the central fixation cross, participants are only covertly aware 
of the stimuli. Brain imaging research using this paradigm found enhanced 
activation for faces relative to houses in regions of the visual system under 
covert attention conditions (Wojciulik et al., 1998). Longer reaction times 
during house matching when accompanied by faces with a fearful expression 
(Vuilleumier et al., 2001) and enhanced activation for fearful faces have also 
been reported (Vuilleumier et al., 2004). These findings suggest faces naturally 
capture the attention of adult participants. 
Using the above approach for multiple age-groups and populations 
would further facilitate research into face-processing. This would be 
particularly useful for the currently under-researched early childhood period. 
However, the above approach “as is” would undoubtedly be problematic for 
some age groups. Both younger and older individuals might find it difficult to 
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focus their gaze and perform a task based on peripherally perceived stimuli. To 
address this, we adapted the adult paradigm such that only a single face or 
house distractor was randomly presented each trial. An age-appropriate 
categorisation task could then be overlaid on the distractor images. This would 
allow for comparisons of participants' performance during face images relative 
to house images to determine if one stimulus was more distracting than the 
other. Since the original paradigm has been validated with adult participants, 
we tested our adaptation with adults to determine if the face-distraction effect 
had been preserved. The categorisation task, chosen to avoid both ceiling and 
floor effects for this population, required participants to indicate if a 
mathematical equation was correct or incorrect. If successful in preserving the 
face-distraction effect with adults, the distractors could be paired with an age-
appropriate categorisation task and used to explore face-processing in younger 
participants.  
As a secondary objective, we explored the possibility that touch could 
facilitate participants' attention to faces. Field studies with human adults found 
that tactile contact facilitated prosociality, including increased rates of helping 
behaviour and generosity (Guéguen & Fischer-Lokou, 2003; Kleinke, 1977), 
increased compliance to a range of requests (Guéguen, Meineri, & Charles-
Sire, 2010; Joule & Guéguen, 2007), and more positive evaluations of the 
toucher and their surrounds (Durana, 1998; Fisher, Rytting, & Heslin, 1976; 
Guéguen et al., 2010). The reasons for these pro-social effects are yet to be 
elucidated (Gallace & Spence, 2010). However, it is possible that touch 
facilitates social interest in participants, thus encouraging associated pro-social 
behaviours and attitudes. Increased social attention could be reflected by an 
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increased attendance to faces relative to non-social stimuli. In order to explore 
this possibility, the experiment was divided into two counterbalanced blocks. 
During one of the blocks only, the experimenter placed her hand on the 
participant's forearm.  
Based on extant work, we made the following two predictions. First, 
we predicted that participants would attend more to faces than to houses. This 
was operationalised as greater distraction by faces and thus poorer 
performance on the categorisation task during face relative to house images. 
Secondly, we hypothesized that if touch plays a role in facilitating social 





2.1  Participants 
Forty-eight NUS undergraduates participated in the pilot experiment. The data 
of three participants was excluded from statistical analysis because they either 
failed to follow instructions (N=2) or were interrupted during the experiment 
(N=1). Removing these participants did not significantly alter the results. The 
final sample consisted of 45 young adults (mean age = 21.07 years, SD = 
1.48). Participants were predominantly Chinese (80%). The remaining sample 
consisted of Indian (6.7%) and Vietnamese (4.4%) participants, as well as one 
Burmese, one Bangladeshi, one Filipino, and one unspecified participant. 
Inclusion criteria for the experiment were that participants be female, over the 
age of 18 years, and have normal or corrected to normal vision. Female 
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participants were chosen because the experiment involved casual tactile 
contact from a stranger. The author, who is female, collected all data and we 
sought to avoid possible differences in response to opposite-sex touch relative 
to same-sex touch. Participants received S$5 reimbursement for their time. 
 
2.2  Procedure 
This pilot study was approved by the National University of Singapore 
Institute Review Board. The experiment was advertised online on the 
university website. The first 48 eligible individuals who were available for 
participation at a suitable time were included. 
The experiment took place at the National University of Singapore in a 
separate room. Upon arrival, participants were asked to provide written 
informed consent.  
 
2.2.1 Face sensitivity task. The experimenter was seated next to the 
participant for the duration of this task. A categorization paradigm with face 
and house distractors was used to measure participants' implicit attendance 
towards faces compared to non-face stimuli. Building on the work of honours 
thesis student Fatimah (2010), this paradigm was run in E-Prime (E-Prime, 
n.d.) and adapted from previous work exploring face processing in adults (e.g. 
Vuilleumier et al., 2001, 2004; Wojciulik et al., 1998).  
The distractor stimuli comprised 120 face (half female) and 120 house 
images. They were full-frontal, grey-scale images presented against a black 
background. Face images were taken from the CAS-PEAL Facial Image 
Database Release 1 (Gao et al., 2004) and depicted ethnically Chinese 
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individuals with emotionally neutral expressions. House images were obtained 
from Escoffier, Sheng, and Schirmer (2010) and depicted semi-detached 
houses and terrace houses.  
The task stimuli were bright yellow mathematical equations that were 
either correct or incorrect (e.g., 2 x 2 = 5 would be incorrect). These equations 
were overlaid on the distractors, horizontally centred and positioned somewhat 
below the screen's midpoint so that, in the case of face distractors, they 
appeared just below eye level.  
Each trial consisted of a 300ms white fixation cross that was followed 
by a distractor image overlaid by an equation. The participant's task was to 
indicate via button press whether the equation was correct or incorrect. Stimuli 
for each trial remained on the screen until the participant responded. 
Participants were instructed to perform the task as quickly and as accurately as 
possible. A 500ms black screen formed the inter-trial interval (Figure A1). 
Face and house stimuli were randomly presented according to the E-Prime 
randomisation function. Across participants, each equation appeared against 
face and house distractors an equal number of times. The task started with 12 
practice trials and the equations and distractors for these trials were not used 
on proper experimental trials. Participants needed to respond correctly to at 
least 80% of the practice trials before they could begin the experiment. They 
repeated the practice session if necessary. The experiment consisted of 240 
trials, separated into two blocks consisting of 120 trials each. During one of 
these blocks, counterbalanced across participants, the experimenter lightly 
rested her hand on the participant's forearm. Response assignment to left and 






2.2.2 Questionnaire. Following the Face Sensitivity Task, the experimenter 
left the room and the participant completed a short demographic questionnaire. 
Participants were also asked to rate their experience of the touch during the 
experiment on a five point Likert scale ranging from -2 (very uncomfortable) 
to 2 (very comfortable), with 0 as the neutral point.  
 
2.3  Data Analysis 
Statistical analysis was conducted on the reaction times for correctly classified 
equations. The reaction times were trimmed to ± 2 SD in order to discard 
outlying trials for which the participant responded either too deliberately or 
too quickly. The remaining data should more accurately reflect the distraction 
effects of the face and house stimuli. 
Figure A1. Face sensitivity task procedure. For each trial, a fixation cross was 
followed by a face or house distractor overlaid by an equation. The inter-trial 
interval was 500ms. 
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A Shapiro-Wilk test of normality indicated resulting reaction times 
were not normally distributed (W = .96, p < .001). Applying a reciprocal 
transformation normalised the data (W = .99, p = .44). Thus, analyses were 
conducted using the transformed data. We also analysed accuracy scores. 
Accuracy was calculated by dividing the total number of correct trials for 
faces and houses by the total number of trials for faces and houses, 
respectively. According to the Shapiro-Wilk test of normality, accuracy scores 
were not normal (W = .94, p < .0001). The data could not be normalised using 
transformations; therefore, we used a non-parametric ranked ANOVA for 
analysis. 
 
3.  Results 
 
The mean reaction times for face and house distractors, and for the 
transformed data are presented in Table A1. Mean accuracy was 0.92 
(SD=0.05) during face distractors and 0.93 (SD=0.05) during house 
distractors. Mean comfort with the touch experience during the experiment 
was 0.13 (SD=0.69). This indicates that, on average, participants rated the 





Reaction times for original and reciprocally 
transformed face and house distractors. 
 
 
 Reaction times were subject to a Type II 2 x 2 within-subjects ANOVA 
with Distractor (Face, House) and Touch Condition (No Touch, Touch). This 
revealed a significant main effect of Distractor (F(1, 44) = 4.63, p = .003). The 
main effect of Touch Condition did not reach significance (F(1, 44) = .59, p = 
.45), nor did the interaction between Distractor and Touch Condition (F(1, 44) 
= .12, p = .73). Care must be taken when interpreting transformed data. The 
reciprocal transform reverses the scores, such that originally larger scores 
become smaller and vice versa. Thus, participants were significantly more 
distracted by faces than houses. For ease of interpretation, an interaction plot 





Accuracy scores were subject to a type II 2 x 2 ranked ANOVA with 
Distractor (Face, House) and Touch Condition (No Touch, Touch) as the 
within-subjects factors. The main effects of Distractor (F(1, 44) = 1.97, p = 
.17) and Touch Condition (F(1, 44) = 0.49, p = .49) were non-significant, as 
was the interaction effect (F(1, 44) = 0.11, p = .75). 
 
4.  Discussion 
 
The primary aim of this study was to determine whether we had successfully 
simplified a validated implicit face-processing task. Original research found 
that adults naturally prioritise attention for faces relative to non-social stimuli. 
Figure A2. Interaction plot with within-subject standard error bars 




Our results suggest that this effect was preserved in the adapted, simplified 
task: participants took longer to respond to the categorisation task during face 
distractors than during house distractors. Analyses with reciprocally 
transformed data indicated that this difference was significant. A secondary 
aim was to explore the possibility that touch would enhance participant's 
attention to faces. This was not reflected in our data. The implications of these 
results are discussed below. 
The preservation of the attention for faces effect paves the way for 
future face-processing research using this paradigm with multiple age-groups, 
including pre-school children. Although there are a number of explicit face-
processing tasks (Bruce et al., 2000), this paradigm is the first that we are 
aware of to employ an implicit processing paradigm with a behavioural task 
suitable for young children. Research with young children would help fill the 
gap in extant literature, particularly with regards to the development of face 
processing. This is important because implicit processing of social information 
can influence social behaviour (Critchley et al., 2000) and is important for 
successful social interaction (Dunbar & Shultz, 2007; Frith, 2007; Johnson et 
al., 2005). The preschool years mark a time of increasing social contact, and 
arguably of an increasing importance for the development of adequate social 
skills. 
Minor adaptations to the categorisation task would be required in order 
to make it suitable for use with different populations. The equation 
categorisation was appropriate for college students as it avoided both ceiling 
and floor effects, as indicated by the mean accuracy scores. Similar care would 
be needed when choosing tasks for other populations by considering things 
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such as participant education and ability to follow instructions. For example, 
identifying numbers as odd or even would likely be suitable for upper primary 
school age children, while a simple shape categorisation task could be suitable 
for preschool or early school age children.  
Consideration also needs to be paid to participants' capacity to 
complete the requisite number of trials of the categorisation task. Children are 
likely to have shorter attention spans than adults and less motivation to 
perform throughout the entire task. As such, it may be necessary to reduce the 
number of trials and allow for a break mid-way through the experiment. Care 
must be taken to ensure an adequate number of trials would remain for 
analysis once error data had been discarded and the remaining data suitably 
trimmed. We recommend a minimum of 80 trials.  
An additional advantage of this paradigm is that it requires minimal 
movement on behalf of the participant. This makes it suitable for 
neuroimaging studies, which could elucidate the neural pathways important 
for the development of face-processing. Further, the versatility of the 
paradigm allows for cross-sectional and longitudinal research, which can be 
employed along with other behavioural measures to reveal possible influences 
on face-processing.  
A possible limitation of this paradigm is that the face-prioritisation 
effect was not reflected in the accuracy scores. In contrast, Vuilleumier and 
colleagues (2001) reported significantly more errors for same/different 
judgements for faces than for houses (20% versus 15%, respectively) with the 
original paradigm. Moreover, other studies exploring face-processing using 
similar paradigms have also reported accuracy scores when distinguishing the 
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performance of different populations, such as for individuals diagnosed with 
mood disorders (Leppanen, 2006) or prosopagnosia (Behrmann, Avidan, 
Marotta, & Kimchi, 2005) versus healthy controls. One possible explanation 
for the lack of an accuracy effect in this study is that the task was less 
demanding. In our study participants were incorrect on only 8% of face trials 
and 7% of house trials. It is possible that a more demanding paradigm could 
reflect face prioritisation not only through reaction times but also through 
accuracy scores. However, in order to be suitable for use with children, the 
paradigm needed to be relatively simple. Given that the face-prioritisation 
effect was preserved in the reaction time data, we reason that a face advantage 
is nevertheless present and can be studied with this paradigm across different 
populations.  
As a secondary objective, we explored the possibility that touch could 
enhance the natural prioritization of faces. Our results did not reveal a touch 
effect, which was surprising given the importance of social processing for 
social behaviour (Dunbar & Shultz, 2007; Frith, 2007; Johnson et al., 2005) 
and the association between touch and pro-sociality (for review see Gallace 
and Spence, 2010). One possible explanation for the lack of effect is that face-
processing is irrelated to the short-term enhancement of social behaviours and 
attitudes typically reported in casual touch studies. Alternatively, face-
processing contributions could be an important but relatively minor 
component of the casual touch effect and this paradigm may not be sensitive 
enough to reflect such small variations in face-processing arising from touch. 
It is worth noting that the study was conducted by a female researcher 
and employed female participants only. Extant literature indicates that females 
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typically receive more touch than males (Stier & Hall, 1984) and are more 
sensitive to social cues than males (Rosip & Hall, 2004; Schirmer & Kotz, 
2003). Potential sex differences in face-processing, as well as the influence of 
same- and opposite-sex touch could be explored in further research. 
In conclusion, our results suggest we successfully simplified a 
validated face-processing task. Minor adaptations to the categorisation task 
could make this task suitable for use with multiple age-groups and 
populations. This would facilitate research into the development and 
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1. Correlations between Maternal Variables for study titled: Maternal 
Touch Relates to Face Sensitivity in Children. 
 
Table B1. 
Correlations between maternal behaviours and the FSI with maternal age 
and child age when breastfeeding was discontinued. 
 
   
